Background: Ethical considerations are increasingly important in medicine. We aimed to determine the mode and extent of teaching of ethics in training programs in clinical chemistry and laboratory medicine. Methods: We developed an on-line survey of teaching in areas of ethics relevant to laboratory medicine. Reponses were invited from directors of training programs who were recruited via email to leaders of national organizations. Results: The survey was completed by 80 directors from 24 countries who directed 113 programs. The largest numbers of respondents directed postdoctoral training of scientists (42%) or physicians (33%), post-masters degree programs (33%), and PhD programs (29%). Most programs (82%) were 2 years or longer in duration. Formal training was offered in research ethics by 39%, medical ethics by 31%, professional ethics by 24% and business ethics by 9%. The number of reported hours of formal training varied widely, e.g., from 0 to N 15 h/year for research ethics and from 0 to N15 h for medical ethics. Ethics training was required and/or tested in 75% of programs that offered training. A majority (54%) of respondents reported plans to add or enhance training in ethics; many indicated a desire for online resources related to ethics, especially resources with self-assessment tools. Conclusion: Formal teaching of ethics is absent from many training programs in clinical chemistry and laboratory medicine, with heterogeneity in the extent and methods of ethics training among the programs that provide the training. A perceived need exists for online training tools, especially tools with self-assessment components.
Introduction
As in other areas of medicine and science, ethical questions are present in laboratory medicine [1] [2] [3] . These ethical questions have increased in complexity with the advent of genetic testing, biobanking, direct-toconsumer testing, and genomic testing, among other newer areas of diagnostic testing [4] [5] [6] [7] . Laboratory medicine practitioners deal with issues of patient confidentiality on a daily basis, as well as issues of research ethics (including publication ethics), professional ethics (such as financial conflicts of interest) and business ethics (such as intellectual property and human resource management). Despite the need for practitioners to answer the questions in these areas, little is known about the teaching of ethics in laboratory medicine training programs.
PubMed searches for "ethics education pathology" and "ethics education laboratory medicine" returned 195 and 151 results, respectively. Few of the returned papers were relevant to the teaching of ethics in laboratory medicine [2, 8, 9] . One paper called for increased teaching of ethics in pathology residencies [8] and one indicated a need for increased teaching of ethics in training programs in clinical chemistry and laboratory medicine [2] . Only one paper, from 2002, described an attempt to gain information about the then-current teaching of ethics. In that study, chairs of U.S. pathology departments were asked about the training of pathology residents in the U.S. [9] . Formal ethics training was provided by 62% of the programs and 84% of respondents believed 
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Clinica Chimica Acta j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / c l i n c h i m that ethical issues were under-recognized. In the present study, we aimed to obtain international information about current and planned teaching of ethics specifically in doctoral and postdoctoral training programs that are designed to train directors of clinical chemistry and laboratory medicine.
Methods
This study used an online survey of teaching of ethical issues by training programs in clinical chemistry and laboratory medicine. A questionnaire with 43 questions was designed to obtain (A) general information about each surveyed training program (such as the requirements for prior education of applicants to the program) and (B) specific information on various aspects of ethics education, such as the presence or absence of teaching about specific areas of ethics relevant to clinical chemistry and laboratory medicine, and (C) plans for future teaching. (The questionnaire is available in Supplement 1).
The survey was web based in the Survey Monkey format (www. surveymonkey.com). The questions were predominantly of multiple choice with an opportunity to add additional information. To keep the survey brief, detailed questions about teaching in a specific area of ethics (such as business ethics or professional ethics) were not displayed if the respondent indicated that no training was provided in that area.
The target groups were training programs for doctoral scientists or physicians or persons with similar backgrounds engaged in comprehensive training programs to prepare trainees to be directors of large or medium-sized laboratories in clinical chemistry and laboratory medicine. Recruitment was via 2 emails sent from the office of the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) to the national representatives of the 89 member societies of IFCC; each of the member societies represent clinical chemists in its country, and each represented country has only one member society of IFCC. The emails were prepared by the authors of this paper in their capacity as members of the IFCC Task Force on Ethics. The emails requested that national representatives invite directors of appropriate training programs in their countries to complete the questionnaire at the survey website. In an effort to increase visibility of the request to training program directors, copies of the emails were sent to the presidents of the national societies. The respondents were invited to provide contact information if they wanted a report on the results of the survey, but the survey was otherwise anonymous.
Responding program directors completed the questionnaire online between December 2, 2013 and June 13, 2014. We downloaded the responses from Survey Monkey and analyzed them further in Excel. No effort was made to link the identities of the respondents to their individual responses to the questions in the survey. The contact information was queried to provide an indication of the diversity of countries from which responses had been received.
Results

Characteristics of training programs of survey respondents
The survey was completed by 80 training-program directors. The largest numbers directed postdoctoral training of scientists (42%) or physicians (33%); post-masters degree programs (33%); and/or PhD programs (29%). The 59 survey respondents who identified themselves were from 24 countries (Table 1A) .
As shown in Table 1B , 82% of the programs were accredited by an outside organization. The largest number, 27, was accredited by the Commission on Accreditation in Clinical Chemistry (ComACC). This number of responses approaches the number of programs accredited by ComACC, but may be an overestimate of the response rate as more than one co-director of a program may have completed the survey.
For 82% of the programs, the length of training was 2 years or longer. Forty-six percent of programs produced 1, 2, or 3 trainees per year, although 12 (16%) graduated more than 10. The most common number of graduates per year was one.
As an indication of where the graduates of the programs start their careers after completing their training programs, the respondents were asked to indicate the preferences of trainees for employment. University hospital employment was the clear first choice, followed, in distant second and third places, by research institutions and academic departments and then government and non-university hospital employment and industry employment, respectively.
Teaching of ethics in training programs
Overview
As shown in Table 2A , 35% of the respondents indicated that formal training was provided in research ethics, although only 24% of programs indicated that training in research ethics was required. Fewer programs offered training in medical ethics (29%), professional ethics (20%) and business ethics (8%), with only 21%, 16% and 4%, respectively, requiring training in each of these latter 3 areas. Only three programs provided and required training in ethics in all 4 areas. The teaching of business ethics was so infrequent that it will not be dealt with further here.
Results for programs providing training in selected areas of ethics for different types of training programs are shown in Table 2B . Training of ethics was less commonly offered in postdoctoral programs compared to the other three training levels. Interestingly, training in medical ethics appeared to be less likely to be provided in postdoctoral programs for scientists (22%) than in postmedical programs (40%).
Research ethics
The topics that were most frequently listed as taught in the 25 programs that provide training in research ethics are listed in Table 3A . Most of these critical topics, such as the Helsinki Declaration and protection of participants, were included in over 80% of programs that had formal training in research ethics.
For approximately half of these programs, the time allotted to lectures/seminars on research ethics was 1-6 h (Table 3B ). In approximately two-thirds of the programs, the teaching of ethics was done by an interdisciplinary team that included an ethicist. Just over 60% indicated that teaching of research ethics was incorporated in other teaching. Almost 90% of this group indicated that students' knowledge of research ethics was tested, most commonly (74%) by multiple-choice examinations.
Medical ethics
The topics that were most frequently listed as covered in the 22 programs that provided training in medical ethics are shown in Table 4 . Not surprisingly, the most common topic was principles of medical ethics, included in 20 (91%) of these 22 programs as a topic. Specific topics, such as patient privacy (77%), were less commonly included. Surprisingly, the concept of equipoise, which provides the ethical basis for medical research that involves assigning patients to different treatment arms of a clinical trial, was covered by only 2 programs perhaps reflecting the paucity of randomized controlled trials in laboratory medicine.
Medical ethics was taught in lectures (11 programs), seminars (8 programs), online (7 programs) and other ways (6 programs). Thirteen (59%) of the 22 respondents indicated that teaching of medical ethics was incorporated in other teaching either along with or in place of formal allocation of time. For approximately three quarters of these programs, the time allotted to lectures/seminars on medical ethics was between 1 and 6 h. Training was most often provided by an interdisciplinary team that included an ethicist.
Students' knowledge of medical ethics was tested in 18 (82%) of these programs, most often by multiple choice tests (78%) and oral tests (44%).
Professional ethics
The topics that were most frequently listed as covered in the 15 programs that provided training in professional ethics were codes of practice (codes of conduct) in all 15 programs, conflicts of interest (13 programs, 87%), and duties to society (10 programs, 67%). The number of hours of lectures/seminars on professional ethics was 1-3 h for 10 programs, but 4 programs indicated 7-9 h. Teaching was done by an interdisciplinary team that included an ethicist (10 programs) and by an instructor in a field other than ethics (5 programs). In 10 programs, teaching of professional ethics was incorporated in teaching of other topics. Only 9 programs indicated that trainees' knowledge of professional ethics was tested.
Planned changes in teaching of ethics
When asked if changes in teaching of ethics were planned, 34 of 63 responding directors (54%) indicated that changes were planned. Among 17 free-text responses were comments about (1) a new module being developed on a specific topic in ethics, (2) planned annual sessions on ethics, (3) a workshop on laboratory ethics for professionals, (4) self-learning opportunities, (5) the use of case studies in smallgroup teaching, and (6) creation of a national commission. Two respondents specifically mentioned business ethics as an area for attention.
The survey invited the directors to rate the potential usefulness of possible new tools in their programs. The 63 directors who responded ranked on-line resources that included self-assessment as the mostuseful tools, followed by on-line tools generally. Ethics sessions for trainees at national meetings ranked third, with books and monographs far behind.
Discussion
This is the first international study of the teaching of ethics in educational programs in laboratory medicine and the largest survey of ⁎ The 80 surveyed directors led the 104 programs above and 9 additional programs that did not fit into any of the 4 categories represented in this table. teaching of ethics in laboratory medicine or pathology. The survey results indicate that (1) training in medical, research, professional and business ethics was absent from a sizeable majority of the respondents' training programs, (2) about half of the responding program directors plan to add or enhance ethics training and (3) there is a desire for online resources to aid in ethics training in laboratory medicine. The results reported above can be compared to some extent with the results of a survey of teaching of ethics in U.S. pathology residency programs [9] . That survey, published in 2002, was directed to chairmen of U.S. pathology departments, among whom 36% (53/148) responded. Among the 45 chairmen who responded to a question about the presence or absence of formal training in ethics, 28 (62%) indicated that formal training was provided, a proportion that seems large compared with the data in the present study. The chairmen reported a mean (range) duration of formal instruction in ethics per year of 3.8 (0.75-18) hours in those programs that offered training. In the present study, approximately half (46%) of programs that offered training in research ethics devoted 7 or more hours to the topic (Table 3b) ; smaller additional blocks of time were devoted to other areas of ethics. The topics of most interest in the survey of pathology chairmen were issues related to (1) the use of tissue for research, (2) confidentiality and privacy, and (3) professionalism. These topics overlap considerably with the topics covered by training programs in the present survey.
In the present survey, the methods for teaching of ethics varied considerably among programs, with lectures and seminars appearing to be popular and with textbooks ranking low. The respondents' low rating of books and monographs as tools may reflect lack of interest in learning from books or may reflect the fact that books on ethics relevant to laboratory medicine already exist and there is no need for new ones. The latter possibility seems unlikely as we have not been able to find a book with its focus specifically on ethics and laboratory medicine, and coverage of ethical topics in general textbooks of clinical chemistry and laboratory medicine tends not to be extensive. For example, the most-recent editions of two textbooks in clinical chemistry [10, 11] include brief descriptions of topics in ethics in their short first chapters, but the coverage is not adequate to form a basis for a formal series of lectures or seminars. One textbook in molecular diagnostics contains a section on ethics in each chapter [12] . Whether these sections are useful or even used is unknown. The present study cannot address the fundamental question of which, if any, of the pedagogical techniques used in the surveyed programs is likely to be successful in affecting behavior in a positive way [13] . This is potentially a fertile area for future investigation.
Strengths of the current study include its international scope, the reasonably large number of responses, the high agreement on some measures among the respondents (such as the very low rates of teaching of business ethics), and, in the case of ComACC-approved programs, an apparently high response rate.
The study has several weaknesses. The generalizability of the results is unknown as the proportion of all training programs that responded is unknown. The response rate for ComACC-accredited programs (mostly in the U.S.) appeared to be high. By contrast, the response rate worldwide is unknown as there is no international directory of training programs. A high response rate does not appear to have been achieved world-wide, as suggested by the absence of respondents who identified themselves as being from numerous populous countries such as Brazil, China, Egypt, Russia, Saudi Arabia and the United Kingdom, although 21 respondents did not identify themselves and some of them may have been from countries not listed in Table 1A . Caution should be used in any attempt to generalize the findings to a specific country or region. An additional limitation is the possibility of bias in self-selection of respondents. Directors with an interest in ethics may have been more inclined to respond to a survey on ethics. If so, the reported rates of teaching of ethics may be overestimates, and the teaching of ethics may be even more limited than the survey results suggest.
In summary, the teaching of ethics appears to be highly variable among training programs in laboratory medicine. The reasons for this variability warrant study. As with heterogeneity in other activities in medicine, variability suggests opportunities for improvement.
